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OMCflptlon 



Thi« invwiton rMtes to the oaneral fietd of biochemistry and medical sciences, and specifically to 
proc^esfor the preservation and storaee of cells, particularly red blood cells. wcaiiy to 

Ubwaioryoell piMervalion and atoraoe hM* been significant problems for a variety of plant and 
Z"l'^^!72 H^li^J!" cells prior to use i, not uncommon. 

^L^jTfll *!ri!:^-lJll • " "^'y Chromosome abnom»alities 

i^A ^iTr^JTZ^ ^a^- "^"O the cells frozen is significant. 

rTbi:; Sis'" '^^^ "-^'^ ^ ''-'"^ 

«v,^-^'^£L*^ has been a need for improved methods for the storage of blood and blood 
^ " V"^!^ of the human body, and has as a predominant role the deUvery of 
?S?rir «rt by •rythrocytes. i.... r«l blood cells 

" '"'™*^ from the lungs by an exchange-diffusion system brought about by a red. 
|roo^c««a^^ called hemoglobin. When hemoglobin combines with oxygen, oxyhemoglobin is 

formed and after oxygen is gn«n up to the tiaaues. the oxyhemoglobin is reduced to deoxyhemoglobin. 

The red cell membrane is composed of two maior stmctural units, the membrane bilayer and a 
cy^eteton. A lipid biiayer and integral membrane proteins form the membrane bilayer. which has little 
^i!^ ^ vwiculation. The other major component the membrane 

ZiT^ <»«to"»»««on. The cytoskeleton is 

Imked to the bilayer in the erythrocyte membrane, possibly by npidi>rotein as well as protein^otein 
associations^ The hemoglobin, and other RBC components, are contained within the red cell membrane 
K.J? •« «^ formation of new red blood eeUa. Once erythrocytes enter the 

blood, these cells have an average lifetime of about 120 days. In an average person, about 083% of the 
•n^tjwocytes are destroyed each day by phagocytosis, hemolysis or mechanical damage in the body, and 
the depleted cells are renewed from the bone marrow. 

A wide variety of injuries and medical procwlures require the transfusion of whole blood or a variety of 
wood components. Every patient does not require whole Mood and. in fact the presence of all of the blood 

SHISSin^ P^*^'- ^ can be stor«» under those special 

wndrtlons bestsuited to assure ^ 

wood IS received at a processing eentw. erythrocytes are separated and stored by various methods. Such 
celte are storaWe in citrate-phosphate^jextrose at 4 -C for up to five weeks, generally as a unit of packed 
erythrocytes having a volume Offrom200to300 mlanda hematocrit value (expressed as corpuscular 
vjHume percent) of 70 to 90. Erythrocytes may also be treated with glycerol and then frozen at from -30 • to 
•lae'C and stored for up to seven years in a glycerol solution, but must be kept frozen at k)w temperatures 
in order to sunrive sufticientiy for transfusion. Both these methods require careful maintenance of storage 
temperature to avoid disruption of the desired biotogical activity of the erythrocytes, and provide a twenty- 
tour hour survival time for at least 70% of the transfused cells, which is considered to be an acceptable 
level for use m transfusion practice in accordance with the American Association of Blood Bank standards 

It has thus been a desideratum to obtain a method for the storage of cells, and in particular red btood 
cells, which is not dependem on the maintenance of specific storage temperatures or other storage 
conditions. Such a ntethod wouU fadlitete the availability of erythrocytes fOr medical purposes and assist in 
the storage and shipment of vartous mammaUan cells and plant celis. particularly protoplasts, for research 
and hybrid devetopment. 

One such desired method has been the lyophiHzation (fraet^drying) of cells, since such cells could be 
stored at room temperature for an extended pehod of time and easily reconstituted for use. Freeze-dried 
red bk)od ceils couU thus be easily stored for use in transfusions. However, prior to our invention, it has 
been impossibto to freeze-dry erythrocytes in a manner which permits the reconstitution of the cells to torm 
erythrocytes with an intact cytoskeleton and biotogicallyactive hemogtobin. i.e.. viable red blood cells 
When RBCs have been lyophilized according to prevtous methods, for example in either an aqueous or 
phosphate-buttered saline (PBS) solution, the reconstituted cells are damaged to the extent that the cells 
are not capable of metabolizing, and the cell hemogtobin cannot carry oxygen. Qluteraldehyde-fixed 
erythrocytes, which have been lyophilized and reconstituted, have found use primarily in agglutination 
assays. EP-A-0356258 (same date of filing ; priority dates 26.08.88 and 30.06.89) disctoses a process and 
media for the lyophilization of red blood cells. 

The process of the present invention is defined in claim i and altows for the lyophilization of cells under 
conditwns which are not deleterious to the structure and the biotogical activity of the cell, and which permits 
the reconstitution of the lyophilized cells to form cells which are identical to the natural cells in a biological 
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T^"*!^ '^•^"y •mphiprthic polymer 

fTMzing tfw solution, and drying the sohilion to yield freeze-dried calls which wtMn ne^JmLi ^Z\l 
a sionifkMnt percentage of intKt and vitoie cells. "^"^ «con«Wu«*J. produce 

is ^m^a^J'r:^^! • v|Mi«y Of pl«« cite. Of the invention 

wwi^yaraie or me lyopniuzation madia is « monosaccharide lirw^ rfn*r^^ri^ ^ ^ 
p;«rn«t^ men^brane to any sionif.c«« «.«it^S223^1Zoi:^^ ^ 
coocentranons of from 7.0 to 37.5%. preferably about 23% XvtoM rt^^wsUr^ pr^erred in 
are employed to particular mtM^ ThTtJ^S!^ !?t?;*^' 
improvne r-^C^^tSJS^^ 

'■- ' 2 ^ rrSL^- ^JL'^'^f <- ««Wtim, «.y.^ or met.boUzi;i 

AS SUM aoove. the adcMton to the cart)ohydrato solution of a water soluble hMrvw^iw r«««^wl 

SJSSSJ'f^^SSTJKtiK'^ r-V. «- from about tK to abcit 3^^ 

!Sn?%^ ^ 21^^ jSL to »K. arKf is present in a concenlr«ion of from 

■oouT 3.5% up to the Nmlt Of sokjbibty of the polymer in the solution. Polvmert selected fmm ih* 

ZS^lSrjSir^ Po.yvinyn,ynolidone .^.,Z:TJTZ^u^^ 

vIrLrL™,^^'5^^ '^^'^ polymers may be used, such sa poloxamers in any of their 
^TL^HZ.'^J*? moooa«xh«ide polymer solution in the lyophiHalion of r«J btood oTls 
S^JSn^^T*^ o« intact cells, a tignlficant percwrtage of which contain biotogiaZaSv^ 
J^"? to be bound by any th«,ry. the ampNprthic propertieToTrjoS^^ 

SX^T ^il ^1 !S "^"^ suiWr^ten^Tme 

•Hnnnximent. This may .llevi«e the d«n.ge to the cell membrane 

met«SSi^S1;^ ^ '^^a?"*^- monos«xh«ide polymer «,lution in 

^^!^t:SJ!^:^T^ tor the recovery Of intac c-.. a ,igni,ic«« perc««age of which 

crtls^ '"^'^ P^«^«"y reconstituted by contacting the 

^J^-^L^T*" • cartoohy«lrale m a concentration of at least 0.7% by wLiM 

•^^pojrm^r^^ 

P«1i^lJly'!lS^tL*J !r 'SliS^' "^i* P«^" cells, 

sno^to term freeMed cells whch may be reconstituted to yield cells which are capable of functioning 

tJ"^^^,:!!:^ tenninology or the context, all percentages set forth herein .re 

T^l^ percentages q.e.. weight of the solute versus the total weight of the solution) 

which^JSTreSlII^IIlfrt^ ? J!!!!!*'^ ' ^ lyophite«ion of erythrocytes 

ti^ ur^^^i^^^T^ •« intact and b«logically-active. While the media of the invention are novel it will 
uTooSJTi !f '^'^ ."^ techniques are known by those of skill in the art for the 

iS^i^.. JJCT'L'^*^' ^ ^''^ ^ »P*='«c temperatures 

2c^<Jji. 1?!!^!^ ° empteying the media of the invention in a process for the freeze^rying of red 
blood cells which after reconstitution are intact and viable. j v» ^ 

Of JH^^TZ " ^'^"y •* ♦'••""0 • «"b«ance and then reducing the concentration 

: "y •""limation and desorption. to levels which will no k)nger support 

biotogical or chemical reactions. Usually, the drying step is accomplished in a high vacuum. Mo^er with 
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^•H,^ Of calls «id pMlcul«1y efythrocytw. the .xtent of drying {tt« «nount of reskJual 

T^JZl '"^Portance m the .bllity of crtis to withstand toog-term storage at room twnperature. 

^iL^^lTt^^^L^IHP^ ^ '^"^'"^ ^ • '^^^ "rtsfrt of less thar) 10%. 

preferably less than S%, and most preferably to a water content of less than 3%. 



EXAMPLE ONE 



drawn from healthy volunteers using heiMrin as an anticoagulant. 

Repeated samples of these blood cells were washed with a phosphate buffered saline solution (10 mM 
mono- and di-basic sodium phosphate. ISO mM sodium chloride. S mM dextrose, and 10 mM adenosine at 
pH 7.2) three times wfth centrifugation at 14.000 rpm for 8 to 10 seconds to separate plasma and/or other 
cell types fnMn the red Mood cells. 

Samples of these packed red Wood calls were then suspended in a lyophilizing buffer containing 26.5% 
glucose in PBS solution at pH 72. 

The suspension was then transferred to a flask which was subsequently immersed in lk]uid nitrogen (■ 
196^0 until the sample was fro»n. The flask was rotated evenly in the liquid nitrogen to assure even 
dispersion of solution on the walls of the flask. 

The frozen samples were transferred to a bench top lyophilizer (L^>conco model 4JS) operating at less 
than 100 microns of mereury vacuum with an inner chamber temperature of -5e*C. Samples were allowed 
to dry thoroughly (6-24 hours) until crystalline in appearance and brittle to touch and the flask was altowed 
to return to room temperature. 

The samples were rehydrated at 37'C using a solutton containing 2S.S% sucrose in a phosphate 
buffered saUne solution. A vokime of the rehydrating solutkMt was added equivalent to the initial volume of 
the sample prior to drying. 

It was found upon examinatkx) of the cells with an opik:al microscope that about 50% of the red bkwd 
cells had intact cell membranes. However, the hemoglobin was found not to be caU associated, ftonethe- 
less, the hemogtobin in the solution was functional and if present in the cells woukj be effective as an 
oxygen canier. Repeating this procedure wHh fructose and rfbose solutions twtino concentratk>ns of from 
about 7.0 to 37.5% produced naariy equal results, as dkl buffered sokittons of xykase and mannose at 
concentrations of from about 7.0 to 37.5%. 

Specifically, various monosaccharides were emptoyed in the lyophilixation of RBCs as described in this 
example, and the distribution of the hemoglobin in the recovered sokjtkm was noted, oxyhemoglobin is 
capable of transporting oxygen to mammalian tissue. Methemoglobin is hemogtobin which cannot bind 
oxygen, but can possibly be reversed to fonn oxyhemogtobin when found in tower concentrations by the 
enzyme NAOH methemogtobin reductase. Hemochrome is irreversibly degraded hemogtobin. In Table I, the 
recovery of greater than 90% oxyhemogtobin from cells lyophiHzed with solutions of ribose. mannose 
fructose, xytose and glucose is shown. 



TABLE I 



%Cart)ohydrale 


%OxyHb 


%MetHb 


% Hemochrome 


23.1 Ribose 


93.1 


5.4 


1.5 


26.5 Mannose 


94.2 


6.0 


0 


26.5 Fructose 


98.0 


1.3 


0.7 


26.5 Sortx)se 


56.9 


40.9 


2.3 


152 Galactose 


81.0 


17.3 


1.7 


23.1 Xylose 


96.7 


3.6 


0 


26.5 Glucose 


98.1 


1.8 


0.1 



EXAMPLE TWO 

A number of samples of packed red blood cells, obtained and washed as described in Example One 
were suspended in a lyophilizing buffer containing 23.1% glucose and a concentration of either (a) 18% of 
10K or (b) 12.8% of 40K polyvinylpyrrolidone in PBS at pH 7.2. 
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198 uTt^ftl^!!!*^ T'**"^^ . fl«»k which w« «A,wnt.y immer^d in liquid nitrogen (- 

dLSc^t ^H^^JT r^-J** ^t-t*' -vtwiy in the Bquid nitrogen to .Wurmen 

aisper«ioo of soHitoon on the wills of the flask. 

to a bench top tyophilizer (Labcooco model 4.5) operating m less 
l^T^^'^r temperature of -se-C. Samples were allowed 

^f2.T^^Z^^^ •=^»««'*'"«PP~«*»««lbr^ to touch and the ftask was allowed 

to return to room temperature. 

The samples were rehydrated at 37* C using a aotution containing 25.5% sucrose in a ohosohate 

^^^ "^ tT"- * '-'y«*^"9 »olution was added equivatent to the initial vZTof 

xne sample prior to drying. 

«d c^^^^^l « 14.000 rpm in an Eppendorf microcentrifuge to pellet the rehydrated 

red blood ceils in suspension. j ^ 

h, J? the polymer with the above described carbohydrate in the buffered 

r^7SLT.''''1SJ^*'* that the r«».ery of inl«:t cells was maintained 

ILf^J^! hemoglobin retention by the cells of from 27.4 up to 

the 10K PVP and from 57.3 up to 85.5% for the 40K PVP. with greater than 80% of the 
hernogtobin being oxyhemoglobin. Further testing has shown that 24K PVP at a concentration of 12.8% and 
a glucose concentration of 23.1 % produces even better results both in cell and hemoglobin recovery. 

EXAMPLE THREE 

«i JH^ Two was repeated, with different carbohydrates substituted for 

S^J!! ^^'^r'la^.f^- ■^'^ polyvinylpyrrolidone were used. The 

results are srtown in Table II. 

TABLE II 



PVPMW 


%Carbohydr«te 


%Cell Recovery 


%Hb Recovery 


^QK 


l2^Qalactose 


27.7 


10.3 




21.7Marm>te 


57.6 


30.6 




18.8 Xylose 


63.9 


32.3 




21 .7 Fructose 


&4.6 


28.1 




21.7 Glucose 


59.0 


28.6 


24K- 


13.0 Galactose 


26.3 


13.8 




23.1 Manrtose 


51.8 


57.2 




20.0 Xylose 


48.4 


55.9 




23.1 Fructose 


46.8 


59.3 




23.1 Glucose 


59.0 


52.7 


VrthaPVP 


concentration of fro 


m 18.1 to 20.3%. 





"Vith a PVP concentration of from 12.8 to 14.5%. 



Trehalose and sucrose in the lyophilizing solution showed marginal cell recovery, but no hemooiobin 
recovery. ^ 

EXAMPLE FOUR 

The procedure described in Example Two (using from 21 .7 to 26.3% glucose as the carbohydrate) was 
repeated substituting polyvinylpyrrolidone of different molecular weights and concentrations for those used 
in the lyophilizing buffer of the previously described Example. Ail other conditions were repeated as 
(Jescnbed in Example Two. the resutts are shown in Table III. The column headed MCHC refers to the 
mean cell hemoglobin content of the reconstituted ceils. The MCHC of normal RBCs is 34 t 2. Table III 
demonstrates that PVP may be employed with molecular weights of from 10 to 40K in concentrations of 
from 0.7 to 18.1%. The 40KT PVP had a viscosity of about 26 to 35 poise, and the 40K PVP had a viscosity 
of about 28 to 32 poise. Maltose showed no cell or hemoglobin recovery. 
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TABLE III 



PVP MW 


Cone. (%) 


%Hb Recovery 


MCHC 




3.5 


13.6 


- 




ft A 

v.O 


15.0 


34.9 




12.8 


30.1 t 4.1 (nB3) 






18.1 


36.5 




9Att 


3.5 


24.7 


17.3 




A ft 


52.9 


20.9 




12.8 


52.7 t 6.3 (n ■ 4) 


ft/ * \n ■ ^) 




18.1 


52^16.9 (n«2) 




w^ 


3.5 


17.7 


• 




A A 


31.0 


22.5 




12.8 


61 .4 t 4 1 « 3) 






18.1 


52.0 1 1.7 (n«2) 


37.4 


40KT 


3.5 


17.7 






6.8 


31.8 


2S.0 




12.8 


56.8 t 0.4 (n«2) 


36.3 t 2.8 (n- 2) 




18.1 


50.0 


29.4 


360K 


0.7 


9.4 






8.5 


12.2 





EXAMPLE FfVE 



30 experiment described in Example Two was repeated using polymers other than polyvinylpyr- 

rolidone in the tyophilizing buffer. The results are summarized In Table IV, 



35 



40 



46 



55 
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TABLE IV 



Polymef 


MW 


%Conc. 


%Hb Recovery 


f^Mli ail 




3.5 


26.1 






o.o 








12.8 


26.5 






18.1 


30.2 






3.5 


24.7 






D.O 


19.5 






12.8 


25.9 






18.1 


16.6 




dOK 


3.5 


15^ 






6.8 


26.5 






12.8 


20.2 






18.1 


18.7 


Ficoll 


70K 


3.5 


17.3 






6.8 


19.1 




400K 


0.7 


17^ 






3.5 


17 0 


Rsh Gelatin 




1.4 


18.0 






6.8 


18.4 


Dextrin 




1.4 


20.4 






6.8 


13.1 


Albumin 




1.4 


29.7 



EXAMPLE SIX 



Samples of packed red bkxxl cells wwe obtained and washed as described in Example One These 
38 cells were suspended in a lyophiiizing buffer of 12.8% 24K PVP and 23.1% glucose in phosphate buffered 
saline. The samples were lyopMlized and reconstituted as described in Example Two. but with the various 
solutorw used in the reconstitution of the cells. When water was the sole r«»nstituting liquid, the cells 
""'^ reconstitution. An isotonic reconstituting solution, such as PBAS or PBSGA 

(PBS with the addition of 5 mmol glucoae and 10 mmol adenosine) showed improvement as did the use of 
*o reverse PBS. which employs potassium rather than sodium salts. Significant improvements were shown by 
the use of concentrations of up to 12.8% of either 10K or 24K PVP in the reconstitution solution. 

^p"** ^ • ^"^y*^ • concentration of at least 0.7 to 3.8%. and most preferably at 

iMst 3.8%. provides bMter ceil morphology after reconstitution Both mono- and «saccharides may be 
employed for this purpose, although glucose, mannose. trehalose and sucrose are preferred with sucrose 
« being the most preferred carbohydrate. These data are shown in Table V. wherein ail carbohydrate and 
polymer solutions are formed in PBS. 



so 



ss 
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TABLE V 



Solution 


% Cell Recovery 


% Hb Recovery 


MCHC 


Water 


48.3 t 3.0 


37.4 t 1.1 


29.9 t 1.8 


PBS 


58.2 


34.4 


24.8 


PBSQA 


80.6 


42.4 


31.2 


nevorse PBS 


52.6 


51.3 


25.8 


QlucoM 1S.9% 


52.5 


57.3 


32.9 


ManfXM 15.9% 


55.5 


80.7 


28.0 


Trehalose Z7A* 


% 


85.7 


59.4 


24.9 


Sucrose 


1.7% 
3.3% 
7.9% 
25.5% 


81.7 
43.8 
48.5 
48.8 t 10.8 


45.8 
48.2 
52^ 
51.4 t 5.1 


24.4 

27.3 

25.5 t 2.1 


4.8% 10K PVP 


56.8111 


52.3 t 3.0 


23.5 t 1.4 


16.7% 10K PVP 


80.8 


87.7 


28.4 


4.8% 24K PVP 


52.2 


3a3 


28.0 


18.7% 24K PVP 


53.8 i 8.4 


73.1 t 8.1 


28.218.7 


3.8% 10K PVP 24.8% Sucrose 


85.0 1 8.5 


58.0 1 7.6 


2a2i8.7 


13.0% 10K PYP 4 22^ Sucrose 


^.5 


81.8 


27.8 


3.8% 24K PVP 4* 24.8% Sucrose 


84.8 


58.3 1 8.9 


28.5 


13.0% 24K PVP *^ 22.2% Sucrose 


77.7 


78.4 t 4.2 


31.5 



Clalma 

1. A process for the tyophiiization of cells having a cell nfwml)rane. comprising immersing a plurality of 
cells in a water aolution which includes a nfwnosaccharide. which is capable of permeating the 
memtwane of the celts, in a concentration of from 7.0 to 37.5%; freezing the solution; and drying the 
frozen cells by sublimabon of the water. 

2. A process for the lyophiHzation of cells, as claimed in daim 1 wherein the water solution further 
includes a polymer having a molecular weight of from about IK to about 380K which is present in a 
c on centiay ui of from about 0.7% up to saturation in the solution. 

3. A process as dalmed in daim 1 or claim 2 wherein the monosaccharide is selected from pentoses or 
hexoses. 

4. A process as claimed in any one of claims l to 3 wherein the monosaccharide is selected from xylose, 
glucose, ribose. mannose or fructose. 

6. A process as claimed in any one of claims 1 to 4, wherein the monosaccharide is present in the 
solution in a concentration of about 23%. 

6. A process as claimed in any one of claims 2 to 5 wherein said polymer is amphipathic. 

7. A process as claimed in any one of claims 2 to 6 wherein said polyn>er has a molecular weight in the 
range of about 5K to about 80K. 
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TcS^ irr" 2 to 7 wt^n ma polymer i, -tecf. ^om pelyvinylpy. 

a A process at clsimed in any one of claims l to 8 wherein the ceils are red blood cells. 

10. A medium for the lyophilization of cells, comprising a txjffered solution which includes- 

^ a monosaccharide which is present in the solution in a concentration of from about 7.0 to 37.5%. 

o.K^nSiroftn^'a^"?^."' ^« ^ to at^ aeoK which I, resent in a 

11. A medium as claimed in daim 10 wherein the monosaccharide is selectwl from pentoses or hexoses. 

Jh!^"!!!*^"^ claim 10 or clai. 11 wh»ein the monosaccharide is selected from xylose, 
glucose, nbose, mannose or fructose. 

tl!!!t""* " <«• claims 10 to 12 wherein the monosaccharide is present in the 

solution in a concentration of about 23%. 

14. A ntedium as claimed in any one of claims 10 to 13 wherein the polymer is amphipsthic. 

rl:;rS'iSrt ^Ti^LTir '° t^. PCymer h.s a motocul. waight in the 

to:XZZ^TJ:^' ^^'^'^^ PO'y- is ^.lected from 

J^^STcSls** "^"^ of ceils u Claimed in any one of claims 10 to 16 wherein the cells are 

Patentansprtlehe 

^' ITTJ"' Lyophilisierung von eine Zellmembran aufw«senden Zellen. das folgende Stufen umfaBt 
•••w Vi^l von Zellen in eine wXsserige Lfisung. die ein Monosaccharid enthjilt. das die 
.T^^*" ^",^" ^^""0*" »" Konientration von 7.0 bis 37.5%. Einfrieren der Lfisung 

und Trocknung der gefrorenen Zeilen durch Sublimierung des Wassers. 

2. Verfahren zur LyophiKsierung von Zellen nach Anspruch 1. bei dem die w«sserige Wsung aufierdem 
nochem Polymer mit einem Motekuiargewicht von ca. l K bis ca. 360 K enthitt. das in einer 
Konzentratwn von ca. 0.7 % bis air Sittigung in der Lfisung vortiegi 

^ r!!!y/!!" 1?f!L*"*" ^ AnaprOche l Oder 2. bei dem das Monosaccharid ausgewtthit wird unter 
rentosen und Hexosen. 

4. Verfahren nach ^nem der AnsprOche 1 bis 3. bei dem das Monosaccharid ausgewtthit wird unter 
Xylose. Glucose. Ribose. Mwnose Oder FruMose. 

5. Verfahren nach einem dar AnsprUche l bis 4. bei dem das Monosaccharid in dar Lfisung in einor 
Konzentralion von ca. 23% voriiegt. 

6. Verfahren nach einem der AnsprUche 2 bis 5. bei dem das Polymer amphipathisch ist. 

7. Verfahren nach einem der AnsprOche 2 bis 6. bei dem das Polymer ein Motekuiargewicht im Bereich 
von ca. 5 K bis ca. 80 K hat. 

8. Verfahren nach einem der AnsprUche 2 bis 7. bei dem das Polymer ausgewlihh wird unter Polyv.nyi- 
pyrrolidon Oder Oextran. ' 
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9. VwfahrwnacheinamdefAfwprOchei ttsaWdemdlBZellenEfythro*^ 

^ZJS^ LyophUi^irung von Ziten. d» eine gepuWart. LfisuoQ dr«rtlt die totgende Kompooen- 

Tn *^^!T*T^' '[Lil"*'"'* Konx«rtr«lioo von ca. 7.0 bis 375% voriiegt und 
0.7% Motekulargwncht von ca. 1 K bis ca. 360 K in ainar Kon«rt!«ion von 

m?,^.'^ 10. bei d«n das Monosaxharid auagawfihlt wirt untar P««oaen oder 

''sszrvr:«%^^°"'^^-"^^ 

14. Medium nachainein dar AnapfOcha 10 bia 13. bei dam daa Polymer amphipatischist 

rr5T:,riThr^*=*" «. U. be* dem da. Poiym. ein Mo«cu.an,e^cm im Becaich 

SIJISL^ '° <^ Po«yn^ •uso.wlhit wird unter PCyvinyk 

eUSJ^ von ZeUen naeh ainem def AnsprOche 10 bis 16. bei dem die Zellan 

Ravandleationa 

1. Ptoc*d* da lyopwiisation da cellules posa«dant una membrane cellulaira. caracl«ria< en ce que I'on 
"HiWplidtf de cllules dans one aolution aqueuae qui comprand un monosaccJde. qui 
S J^!!^ " membrane des cellules, en une concentration de 7.0 A 37.5%. on congftle la 

solution et on aftcheles cellules congertes par sublimation del'eau. 

Z Proc6d6 de lyophilisation de cellules suivant la revendication l. caracl6ris« en ce que la solution 
f "****^'*^ en outre un polymire possMant un poids moMculaire qui varie d'anviron 1K i 
environ 3WK. qui est present en une concentration allant d'environ 0.7% jusqu'ft la saturation dans la 
solution. 

a Prooid* suivafTt la ravendicalion 1 ou la revendication 2. caract«ria« an ce que le monosaccharide est 
diotai parmi lea pantoaas at las haxoses. 

^ revandications 1 A 3. caractf ris« en ce que le monosaccharide 
est ctmai pamni le xyloae. la glucose, le ribose. le mannose at le fructoae. 

8. Proc^d* suivant I'una queteonque des revendications 1 i 4. caracttfrisd an ce que le monosaccharide 
est present dans la solution en une concentration d'environ 23%. 

6. Proc«d4 suivant I'une queteonque des revendications 2 & S. caracttristf en ce qua le polymdre pr«cit« 
est amphipathique. 

7. Proc4d« suivant I'une quelconque des revendications 2 ft 6. caractdrisi en ce que le polymftre pr6cit6 
possdde un poids moltfculaire qui varie dans la plage d'environ 5K & environ 80K. 

*■ ^a^^ revendications 2 4 7. caracttfrisd en ce que le polym*re est 

choisi parmi la polyvinylpyrrolidone et le dextrane. 
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c«(iulM sanguines rouges du sang ou Mmaties. «» que les cellules sort des 

SiHS^"^""^ •« «^ PT une so^ufion Umponn6e qui 

^ ^^^^mcjK^accharide qui est prtsert d«is I. , 0 

•n u: SrJ;raS:?.r S??. "^^^ <^ ---^ 1 K » •.^r,^ .^l est ^sen, 

^2.^ ,ui.MJ»r^icmion 10 ou I. ,*«««cation 11. c«ac»«ris« en ce que le mooo^^ 
chow paimile xylose. leghK»se.leribose.lemannoseetlefrueto«». 

•St pr«sem dans la solution en une concentration d'environ 23%. 

^ilSSpSli '"•^ '^*c«ions 10 k 13. c««:,*,« en ce que to polyn,*re es, 

!Sde't^d."12^^ "»vndic«ion, 10 » U. c«.clirW ce que to pdym^re 
PossMe un poids moUculaire qui vane dans la plage d'environ 5K k environ 80K. 

16. Milieu suivant I'une quelconque des revendicMiona 10 k 15. caracl«ris« en ce aue le oohimftr* »^ 
choisiparmi la polyvinylpyrrolidone etiedextrane. t*«»nse en ce que le polymdre est 

iJ'i^^' '^^'^ ''"^ '"'••"^ «v«Klic«ions 10 k 16. car«:l«ri- 

s< en ce que les cellules sort des globulea rouges du sang ou Mmaties. cT-cwn 
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